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ABSTRACT 

OBSERVATIONS ON HEPARIN AND HEPARIN 
ANTITHROMBIC COFACTOR 

OBJECT 

To study the action of heparin and its antithrombic ccrfactor on the 
in vitro conversion of fibrinogen to fibrin by thrombin. 

RESULTS AND CONCLUSIONS 

Heparin exerts an immediate, moderate, and reversible antithrombic 
action detectable only at low concentrations of thrombin.    The addition 
of heparin antithrombic cofactor to a mixture of thrombin and heparin 
produces an immediate,  irreversible inactivation of thrombin in pro- 
portion to the amount of cofactor added.    The concentrations of thrombin. 
heparin.  and cofactor,  respectively,  were found to be critical in deter- 
mining the individual contribution of heparin and of the cofactor to their 
combined antithrombic action. 

Fractionation of bovine plasma by several methods failed to yield 
a heparin cofactor preparation of significantly increased potency. 

Heparin antithrombic cofactor and normal antithrombin appear to 
be idf atical.    The major antithrombic action of heparin seems to be 
related  to  the acceleration  of the  interaction between thrombin and 
normal antithrombin. 

Rl'COMMENDATIONS 

Further attempts should be made to isolate a potent cofactor pre- 
paration and to dissociate cofactor activity from normal antithrombin. 
if possible.    If these activities can be separated, further quantitative 
Studiet should be undertaken on the interactions of the purified fractions 
with thrombin and heparin. 
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OBSERVATIONS ON HEPARIN AND HEPARIN 
ANTITHROMBIC COFACTOR 

I.      INTRODUCTION 

thror„to.„ conver.ion by .„other r„echani.m medUted „J     „ a
y J^^ 

p...n,. h.p.„„ antiprothrombic cofactor (5);  i. r.Urd. Ü." ac«^ 
U.romb.n on f.brinog«, e.pacial.y in .h. pre.enc. of a .pecifi^atLa 
hepar-n anuthrombic cofactor (6): and finally, in high co«c«.raM ". 

Tc^^   T    */•**'* -»■•«""ly «parat. from if .ntithron,bic 

lZZ\n2l'l T" * heParin ■"' b' """^ " antittromb.. pla.ttc ant.prothromb.c. antithrombic, and ntifibrinopla.tic activiti.. 
accordtng to the .it. of interference in the blood coaguUtion pr"e..       ' 

.. requjred for hepar.n to exert it. powerful antithrombic action     It 
ha. been clatoed that, in addition to thi. heparin antiU.ron.b.c^of.Cor 
there .. pre.ent in blood a «parate normal antithrombin factor^Mch 
ha. the abtlity to inactivate thrombin directly (8.  9» 

„,■ The f"""' nPOIt •■ ""«rned with ob.err.tion. on the inter- 

arT\     „TK    • Pttrified ,hr0^'bi,,• -* •"■"««• fibrinogen tatte 
pre.ence and ab.ence of pla.ma or .erum, and with effort, to i.oUte 
and characterixe the heparin antithrombic cofactor*. 

II.     EXPERIMENTAL 

A.       Material. 

bv th. fr./ib,Tgen ™* preParcd frojn ^"^ opiated bovine pla.ma 
by the freeing-tha^ng technique (10).    All preparation« «.ed in thi. 

IK^H^TT11 antith/0mbic cofactor" i. intended to di.tingui.h 
thi. acnvity of pla.ma and of .erum from factor, enhancing the anti- 
prothrombxc a^ antilipemic effect. ^ heparin.    The term "oroanti- 
thrombm" (1.  6) implie. that thi. cofactor is a precursor of normal 
antithrombin to which heparin i. added a. a pro.thetic group for ttie 

«^ro" p^r^^activity- ^a98umption h"—— 

mi*sjM 



study contained more than 90 per cent clottable protein (11).    Stock 
fibrinogen solution« in concentrations of 20 to 30 mg of protein per ml 
in 0. 9 per cent NaCl were stored in small test tubes at -20° C.    These 
were thawed at 37° C and diluted with 0. 9 per cent NaCl to a fibrinogen 
concentration of 5 mg per ml just prior to use. 

Bovine thrombin* containing 26 to 27 NIH units of thrombin 
per mg of salt-free protein was diluted to a concentration of 1000 NIH 
units per ml in 0. 9 per cent NaCl and stored at -20° C.    Small aliqu :ts 
were warmed to 37° C and further diluted in saline to 100 NIH units per 
ml just prior to use.    A limited amount of a highly purified bovine 
thrombin preparation«* containing 500 NIH units of activity per mg was 
also employed. 

Aqueous heparin from several sources*** was diluted to a 
concentration of 10 NIH**** units per ml in 0. 9 per cent NaCl and stored 
at 4° C. 

The reactants were dissolved or diluted either with 0. 154 M 
Krebs buffer of pH 7. 8,  or with 0. 154 M NaCl (0. 9 per cent) of pH 
7. 0 +  0. 2 in the measurement of the clotting time,  carried out at 27° C. 

Separation of antithrombic cofactor:   Fresh oxalated bovine 
plasma, defibrinogenated plasma prepared by stepwise addition of 2 to 
3 NIH units of thrombin per ml of plasma, or bovine serum obtained 
either by collecting blood without anticoagulant or by recalcification of 
oxalated plasma were used as starting material for the fractionation of 
the heparin cofactor.    The following procedures were employed in the 
fractionation experiments:    (a) Ammonium sulfate and isoelectric pre- 
cipitation; (b) ethanol fractionation:   Bovine plasma was diluted ten 
times with distilled water, the pH adjusted to 6. 2 with 0. 1 N acetic 
acid, and the soluble protei-«» fractionated with cold ethanol at 0° C 
according to the directions ol Cohn and his associates (12); (c) convection 
electrophoresis of bovine serum in the presence ol heparin or of dextran 
sulfate:   Fresh bovine serum was treated with 1 mg of heparin or of 

*Thrombin Topical,  Parke,  Davia and Co. 
**Kindly provided by Dr.   W.  Seegers,  Wayne University College of 
Medicine,  Detroit,  Michigan 
***Abbott Laboratories,  Pure Organics,  Inc. ; Eli Lilly and Co.; 
Lederle Laboratories. 
****One NIH heparin unit is   equivalent to 0. 01 mg of crystalline 
heparin. 



and u - 0. ! and recycled three time, at 4° C in the <-on„„-,i„      i     . 
phore.U apparatu., and (d, ad.orption on a .-^HS «^011°:. 

B.    Aaaay Procedurea 

.... ...,   1-     He,>,rin A""«krombic Cofactor - A aerie, of 10*Ti „,„ 

^Ldul! "" """^ 1 ■hOWn in T,b,e '•    The concentrati"" the 
«i» oT h.T.PT       ,n the di"eren, e—"««— w" varied by di- 

«. alway, 2. 0 ml.    Each determination was performed in duplicate 

"«•SX.;     iv""ge v,lue a•e,1 in the M,c,""i<>n- - *' 
» ,I„™K Variaäon ^ thrombin concentration in mixture A provided 
a thrombm ....y curve a. a standard reference for each aerie, of „ 
penment.     Re.ult. in column B. compared with thoae in Ai^^ 

re.ult. m column C prov,ded a mea.ure of the intrineic antithromblc 
actton of heparin.     Difference, between D and  C were tUrVh^TL 
heparm cofactor acHvity. provided that the cofactor preparaäon^ed 
imleornoeffect on theclotting time in theabaenceof heparin, COIZTB. 

t... .„h.        KThe f ""f0"«"" v* «»«• dotting mixture were added to the test tube in the order li.ted in Table I    rk. „i„..- 
oroceedino f-  ,•, «n laote 1, the clotting tun», measurement 
of tor^bf„ rr,,      m0n,em * *' '"»I«»«««' of thrombin.   Incubation 
of thrombin and hepann together at 27° C. or variable period, of in 
c£iz*t r

e T;ining ,hree "-*—• "•- o„« -££r^t ^ 
to the cCo. COn,I,lete Cl0t,ln8 mllture did "« •^'*• ra-al" in the control experiment.. 

«h    „„. 2:. i*0,™*1 Anti,hr<"nWn - Aliquot. (1 ml) cf .erum, of de- 
000 Nm      ^f "Ar*' !f ^ t", '"=«<»•. «« toi«- with 500 or 

9 pfr cem N.C1    Te l0,1^ dl,,"ed " ' "^ ^^ »' 2- 0 ">1 -** 
for r..« ., *        K ">lutaon' "*" incubated at 27° C and tested 
for re.idual ftrombic activity at interval, up to 60 min by transferring 
0. 1 ml of each mixture to a 10x75 mm test tube containing I  5 ml rf 
0 9 per cent NaCl and 0.4 ml of 0. S per cent fibrinogen.    Loss"" 

of'Zll tooo",y rVitterrred by ««»«»— «** control solutions 
of 500 or 1900 units of thrombin in 2. 0 ml of 0. 9 per cent NaCi tested 
* the same time, as well a, by reference to a standard thrombin alsay 

*Beckinan Instruments,  Inc. 



3.     Clotting Time Determination - Thrombin was rapidly dis- 
charged into the fibrinogen solution and a glass rod 5 mm in diameter, 
spun at 1000 rpm by a small electric motor,  was immediately inserted 
to the full depth of the clotting mixture.    The clear solution became 
opalescent I to 5 sec prior to the actual clot formation,  but only the 
first apoearance of definite fibrin strands was taken as the clotting- 
time end point.    Incubation of reacfants and clotting time determinations 
vere carried out at 27° C unless otherwise specified. 

III.   RESULTS 

In order to establish eruditions for a valid quantitative assay of 
hepar^n antithrcmbic cofactor activity,  the concentration of each com- 
ponent in the test system was studied as an independent variable.    The 
clotting time of a mixture of thrombin and fibrinogen within the range 
studied was found to be inversely related to the concentration of each 
component (Figs.   I and 2).    The determination of the clotting time was 
less precise when the clotting time exceeded 60 sec in a 1 mg per ml 
fibvinogen solution and also when the fibrinogen concentration was less 
than 0. 5 mg per ml; there was usually an error of several secondj. 
Similarly,  when the clotting time was less than 10 sec,   relatively large 
variations in thrombin concentration were required to produce an ap- 
preciable change in clotting time. 

On the basis  of the data presented in Figures 1 and 2, a reaction 
mixture containing 5 ^IH units of thrombin per ml and 1 mg of fibrinogen 
per ml was selected as the standard against which to test the action of 
heparin and its cofactor.    The standard reaction mixture gave a clotting 
time of approximately 13 sec in ?  9 per cent NaCl (pH 7. 0) at 27° C. 

Using sever«! different preparations of heparin, fibrinogen, and 
thrombin (including a highly purified thrombin preparation of Dr.   W. 
Sergers), it was uniformly noted that low concentrations of heparin 
produced a small but distinct prolongation of clotting time in a mixture 
of purified thrombin and purified fibrinogen (Fig.   3,  Table 2).    This 
prolongation was dependent upon the concentration of thrombin and 
heparin (Fig. 4) and was not appreciably affected by changes in fibrin- 
ogen concentration.    The slightly greater effect of heparin observed in 
diluted fibrinogen solutions,  less than I mg per ml,   (Fig.   5) was probably 
an artifact resulting from the difficulty in precisely recognizing the end 
point of clotting time in dilute fibrinogen solutions. 

Comparison of the heparin clotting time with a simultaneously 
measured standard thrombin assay (Fig.   3) clearly indicated that a 

. ; - ^        .   , ._._.   ^-... „       -.    .    m.      ,    , ä     .. _......, 



constant fraction of the thrombin present was inactivated by any riven 
concentration of heparin.    Within the limits selected for optimal sen- 
sitivity and precision of clotting time measurements (CT - 10 to 60 aec 
thrombin = 0. 6 to 10 NIH units per ml. fibtinogen = 1. 0 mg per ml),  a 
maximal clot retarding action of heparin was attaint at 1 to 2 NIH units 
of heparin per ml.    This corresponded to a reduction of approximately 
60 per cent in effective thrombin concentration (Fig.  6).    A thrombin 
concentration in excess of 20 NIH units per ml was enough,  therefore 
to completely obscure the action of as many as 50 NIH units of heparin 
per ml.  because of the asymptotic nature of the thrombin assay curve 
at high concentrations of thrombin and of the Umitation in the action of 
heparin alone upon thrombin. 

The addition of plasma, defibrinogenated plasma or serum often 
unpredictably shortened the clotting time in the absence of heparin.   This 
was presumed to be due either to a non-specific stabilising action of 
added proteins (13) or to a "specific" accelerating action of a factor 
present in the albumin fraction (14).   This effect was markedly reduced 
or eliminated entirely,  by a 3 to 5-fold dilution of the plasma or serum 
with 0. 9 per cent saline. 

The antithrombic effect of heparin was remarkably enhanced in the 
presence of the heparin antithrombic cofactor (serum) and under these 
conditions the instantaneous reduction in effective thrombin concentration 
was proportional to the amount of cofactor (serum) added (Fig.   7).    Re- 
duction of f. . heparin concentration to less than 0. I NIH units per ml 
led to a marked diminution or total loss of the characteristic antithrombic 
activity of ise heparin plus cofactor combination (Table 2. a).    On the 
other hand,  increases in heparin concentration above 1 to 2 NIH heparin 
units per m! (maximal effect in the absence of the cofactor) did not 
significantlv increase the antithrombic potency of the cofactor at the 
levels tested (Table 2. b). 

Dilution of the cofactor solution (serum) led to an apparent increase 
in its specific activity (i. e. .  units of thrombin inactivated per mg of 
cofactor).  while increasing dilution of thrombin led to an apparent 
diminution in specific activity of the cofactor (Table 3).    Increasing the 
concentration of fibrinogen »bove the standard level of I. 0 mg per ml 
did not affect die results. 

The sequence of addition of rcactants. as noted earlier, had no 
effect on the clotting time of ♦he thrombin-fibrinogen or the thrombin- 
heparin-fibrinogen systems.    This no longer applied in the experiments 
with fie cofactor.  however,   for admixture  of cofactor with thrombin 



prior to the addition of fibrinogen led to a loss of thrombin,  and also to 
a loss of heparin cofactor activity.    This difference was more marked 
if (a) high concentrations of thrombin were used in setting up the stock 
solutions for the tests,  or when (b) the thrombin was allowed to react 
with  the  cofactor  preparation for  prolonged periods   of time  before 
testing. 

These observations indicated the presence of normal antithrombic 
activity,   and  since there is general agreement on the course of the 
thrombin-normal  antithrombin  interaction   (7,   8,    15),   it was  not 
investigated  in detail.     However,   a^  relatively high  concentrations 
of thrombin  and  serum  the  normal  antithrombin  inactivated a major 
fraction of the  thrombin within  30  to 60  sec.     Thereafter,  residual 
thrombin was inactivated at a progressively slower  rate   (Fi%.   8). 
As normal antithrombin became depleted in this  reaction heparin 
cofactor activity was  reduced in a  similar manner,  i. e. , an initial 
rapid loss of cofactor activity was followed by a gradual progressi/e 
loss thereafter.    Heating of defibrinogenated plasma   or  of serum at 
50° C to 65° C for 30 to 60 min led to roughly parallel decreases in bcth 
normal antithrombin and heparin cofactor activities as  well   (Fig.   9). 
This finding is  in  good agreement with  similar observations  of other 
investigators (6,  9). 

The complex interrelationships of these factors required a rigidly 
standardized assay method for interpretable results in assaying the 
heparin cofactor activity of partially purified fractions from plasma. 
The schema outlined in Table I column D was employed,  using 100 NIH 
units of thrombin per ml,   10 NIH units of heparin per ml, and a 1. 0 
per cent solution of the cofactor fraction.    Clotting times all fell within 
the /ange of 10 to 60 sec. 

Upon fractionation of bovine plasma with ammonium sulfate, heparin 
cofactor activity was found to be in the fraction precipitating between 
50 to  70 per cent  saturation.     The  crude  globulin fraction obtained 
between 30 to 50 per cent saturation usually exhibited increased cofactor 
activity as well, but the active material shifted into the 50 to 70 per cent 
ammonium sulfate fraction on a single refractionation.  Subfractionation 
of the 0. 5-0. 7 SAS precipitate did not result in any increase in specific 
activity and was generally associated with a loss of activity      As out- 
lined in a representative experiment (Table 4),  the active fractions 
obtained by ammonium sulfate precipitation exhibited only a modest 
increase in specific activity compared with the starting material. 

Heparin cofactor activity was found to be concentrated in the fraction 
precipitating within the limits of   15  to  25 per  cent ethanol (v/v).    The 
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T       L. ■ 

.pecific activity of thi. fraction,  however,   wa.  no greater  than  that 
obtained on ammonium .«Ifate fractionation. 

comp"e^.rinJ:
t^

bin^, With "^^ plÄemm P^1"' t0 fürm rever.ible 
6eZ"f        K     an.^"trophoretic mobility which U  intermed.ate 

1^787^*1    PÄrn/ndfreepr0tein(16'   17'   18>-    I» —found (16. 17    J8) that heparin form, comple«. with component, of   a_-   and yS- 
gobuhn*    corre.ponding in general with the .ohtbility rharlcteH.tic. 

^n«,af     V      Ct0r {rMion' ***** *» the ammonium .ulfate nnd 
ctfe.nol fractionation procedure.,    fa the pre.ent .tudy. no detectable 

Ae con^^ ^^    ! C0f
8
act0r ***** "•• ^and fur the fa.t fraction in me convection electrophore.i.. 

 ^"."y I,b!rne "rU,n ,hrou«h • •ul'«'*<= •«"  '"in colu™ 
cTactor Jrl^      .W*«" d,d ,,0, re,n0,re ^ **<*M» vnoimt of coiactor from the starting material. 

IV.   DISCUSSION 

According to current theory heparin become, an active antithrombic 
ÜIS; 0nly

K
afte^combin«« t» a .pecific pla.ma r rotein. the heparin 

i« clrr^c CH   r:, ThiB concept 8te,n•froin ^cUim« «-• ^p"« 
fibrZ^ ^w^w    ? Anticoa««l"t action upon purified thrombin and 
«iSSST! lü ! eitCe 0f an0ther fact0r «^  6^    T»1» ^eory ha. been 
modified to  .Ute  that the intervention of a cof=ctor i. required only 
below a critical concentration of heparin (8J.    In .uppcxt o€ thi. view, 
the anticoagulant activity of a high concentration of heparin upon purified 
thrombin and fibrinogen sy.tem« ha. been attributed to a direct effect 
ol heparin on fibrinogen rather than on thrombin (19). 

acti J^ rr^ ob8crvation« recorded here of a di.tinct antithrcmbic 
mTa^    .r l7K

COncentration. of heparin in the ab.ence of added cofactor 
might at fir.t be attributed to cofactor impuritie. in the thrombin. heparin. 
or fibrinogen preparation, u.ed.    Thi. explanation appear, improbable 
IZZV'  m     'Z**** ^«"vation. that the direct antithrombic action 
of heparin wa. identical for every heparin preparation,  irre.pective 
of .ource.   for a  purified  thrombin (550 NIH unit, per mg) far more 
potent than the preparation, u.ed in the early .tudie. (I.  6). and fev 
every batch of purified fibrinogen.    Since the completion of thi. work 
there have been two other report, of an antithrombic action of heparin 
m purified sy.tem. in the ab.ence of added cofactor (15    Z0). 

Examination of the data purporting to demonstrate a complete lack 
of intrinsic antithrombic activity of heparlr (I.   6.  8) reveals that heparin 

>*mf* mwirm mwi ...: 



■"nHRlsRIilHnHHBMniMMHBnMIMIBKBHlMlHIBHHHU^HMBu aHHHBfl 

alone did,  in fact,  prolong the clotting time of purified thrombin and 
fibrinogen although the delay expressed in seconds was "negligible" by 
comparison with that produced by the combination of heparin and cofactor. 
In these experiments, furthermore,  the initial concentration of active 
thrombin was high enough (about 10 NIH units per ml) to produce a 
clotting time of 10 to 12 sec or less.    These conditions obscured the 
inactivation of a major fraction of the thrombin present and thereby 
xrasked the a  tion of heparin for reasons outlined earlier. 

The heparin-thrombin reference control (Table 1, column C) was 
found to be preferable to the standard thrombin control (Table  1,  column 
A) in analyzing the action of the heparin cofactor, for in this way the 
observed maximal inhibition was related to the addition oi * single factor 
at a time.    The fundamental difference in the action of heparin (inacti- 
vating a constant fraction of active thrombin) and of cofactor (inactivating 
a constant amount of active thrombin) was revealed only by such analysis. 

The demonstration of an inhibitory action of heparin upon purified 
thrombin and fibrinogen which is dependent upon the concentration of 
thrombin and heparin,  but not upon fibrinogen concentration,  leads to 
the conclusion that heparin reacts directly and reversibly with thrombin 
itself.    Complexes of heparin with many proteins are known (17,   18), 
and a thrombin-heparin complex has been demonstrated electrophoreti- 
cally as well (20).    The development of an essentially irreversible im- 
mediate inactivation of thrombin by the addition of heparin cofactor to 
a thrombin-heparin mixture suggests the following general sequence of 
reactions: 

a       Normal antithrombin 

Ta N Tj ^ TjC 

b.     Heparin and cofactor 
C 

Ta + H v 
V- TH ^ V- Tj + H —^TjC 

where Ta = active thrombin; Tj - inactive thrombin; H = free heparin; 
TH •- intermediate thronnbin-heparin ccmplesc; C - cofactor and/or 
normal antithrombin; T|C = thrombin-antithrombin complex. 

This hypothetical formulation is equivalent in effect to the thesis 
that heparin accelerates the reaction between thrombin and normal anti- 
thrombin (19).    Tht close relationship, or identity, of heparin cofactor 
and normal antithrombin is supported by the parallel response of these 

8 



aclivitie« or. salt fractionation and heat inactivation (6). by persistent 
association of the two activities in the roost potent preparation of co- 
factor described to date (21), and by the decline of cofactor activity upon 
depletion of normal antithrorobin of plasma or serum by thrombin shown 
here and ilso in another publication (20).    The recent studies    f Waugh 
and Fitzgerald (22) comparing the effects of heparin added to plasma 
with those o&lained on an isolated heparin cofactor preparation also 
suggest that an independent heparin cofactor does not exist in plasma. 
These investigators suppose that heparin accelerates the rate at which 
antithrorobin inactivates throrobin.   According to Burstein ami Guimand 
(23), heparin increases the affinity of antithrorobin for thrombin. 

The data presented here as well as the observations of others, cited, 
are in harmony with the concept of a close relationship,  or identity,  of 
heparin antithrombic cofactor and normal antithrorobin.    Definite proof 
of the identity of heparin cofactor and normal antithrorobin roust await 
a more detailed study of the kinetics of both antithrombic systems under 
proper test conditions and the demonstration of a constant ratio of these 
activities, under valid test conditions, for highly purified preparations. 

V.     SUMMARY 

The antithrombic activity of heparip and of bovine plasma and serum 
has been studied.    Low concentrations of heparin, in the abser ce of the 
heparin cofactor, exhibit a moderate, reversible antithrombic action. 
The maximal effect of heparin in the absence of the cofactor is equivalent 
to inactivation of approximately 60 per cent of the throrobin present. 
The addition of cofactor to a mixture of heparin and thrombin leads to 
a further immediate and irreversible inactivation of part or all of the 
thrombin present,  in proportion to the amount of cofactor added. 

The interpretation of the observed data is in agreement with the 
assumption that heparin catalyzes a reversible reaction between an 
active and an inactive form of throrobin and that the latter is bound to 
the heparin cofactor or non.ial antithrorobin without further intervention 
of heparin.    The  action of heparin therefore becomesv  in effect, an 
acceleration of the reaction between throrobin and normal antithrorobin. 

VI.   RECOMMENDATIONS 

Further fractionation experiments should be carried out in an attempt 
to separate heparin antithrombic cofactor from normal antithrorobin 
activity,  if possible,  and to obtain preparations of high potency.    Quan- 
titative measurements of the kinetics of the interaction between thromoin 
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and  heparin,   heparin   cofactor,   and   normal  antithrombin  thould further 
clarify the problem. 
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"•"■HP»".     •! 

TABLE   1 

SCHEMA rOi   AISAT   Of   HEPAHIk   AMTITHHOMBrc  COFACTOH 

1. Buffer  or  Sali»*   (O.lWt) 

2. FikriBO«*»   (O.S«)** 

1. CeftKtor   (O.Ol-e.lS.)** 

4. nnmtim   {1-1900 Hilf «/■!)•• 

5. T¥r<Mbia   (2S-1M0 MIR «/■!)' 

A 

0.4 

0.1 

2.0 2.0 

1 c D 

1.4 1.4 1.0 

0.4 0.4 0.4 

0.1 - 0.1 

• 0.1 0.1 

0.1 0.1 0.1 

2.0 2.0 

'TOIMM  of   r»actat   is mi. 

•Ran«»»  of  coocentration •xpr»««««}  km qm p»t   100 al  or unit*  of  activity 

P*r ml. 

TA0LE   2 

EfTECT  OF  HEPARIM AND  COFACTOB  OM CLOTTIBO Tllffi 

THtUWBIN FIB. KPABIN JCOFICT. c.T.      ITWOMBIN FIB. KEPARIN OOFACT. C.T. 
a. a/al mq/ml n/mk cc/ml MC. b. «/■I mq/mi a/ai cc/ml ••c. 

2.0 1.0 0 0 24.2 S.O 1.0 0 0 13.6 

2.0 1.0 1.0 0 30.S s.o 1.0 0.2S ß 1S.0 

2.0 1.0 0.1 0 29.7 S.O 1.0 0.2S O.OS >390 

2.0 1.0 1.0 o.os >eoo s.o 1.0 0.21 0.013 26.S 

2.0 1.0 0.1 o.os 20.2 s.o 

s.o 

s.o 

1.0 

1.0 

1.0 

O.SO 

2.SO 

5.00 

0.013 

0.013 

0.013 

33.S 

4S.0 

47.4 

s.o 1.0 10 0 0.013 49.0 
! I s.o 1.0 25.0 0.013 42.3 
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TAHX  3 
nTBCT or TWOWIK »*D saw« ccwrornwTi» m ^PPääEKT ctTAcrt» *rrfirrrf 

T^reabi« Pibr »«o^« Hvfwris Smrmm CUm»« Tim Cofactev  *cti•llr, 

NIH  a/al «i   »i NTHn/al real • •,-    Bd« ■aits/Bl 

* • W 1.0 0 It .4 . 

»   ■ J 1.0 0 tl.l - 

1.21 1.0 0 31.7 - 

0 S3 1.0 0 St.4 • 

J    -   V 1.0 0.0*00 S0.1 lit 
J .  W 1.0 0.02 50 42.3 237 

J •  ti 1.0 0.01T0 31.4 29t 

5.0 1.0 0.012S 34.4 347 

• »5 1.0 O.OSOO >1I0 - 

* • j 1.0 0.02 SO >1I0 

i. - J 1.0 0.0170 SS.O tst 
2.S 1.3 0.012S S4.S 2fS 

*OM»  unit   of  colon or activitv   ia »cpivalvat   to    iaactiratioa    of     M«  MIH  uait   of 
throobin   in   fh»   proMac«   of  hopana   (•••  Fig.   7).   Tk* apparont  cofacfor octivitf 
of  ■•rua  notad   ia   th«   tab!«  ia calcwlatad  by dividing   tk* awabvr     of     units     of 
throabin   iaocti'mtad  by   the  cofoctor  bj   th» coacMtratioa  of  ■•rua  ia cc   par ai 
of   th» clotimq aixtara. 

TABLE 4 

AMMGNIUM SULTATL FRAniCMTION OF BOVINE STRITT FOR fCPARIM CGTACTOR 

Fr^nh hoTica  a»raa   (2.6)* 

odd   (NH4)?S04   to 0.3 aotarotioa 

Pracipitot»   (1.0) Supernatant   (2.8) 

add   (SH4)?S04   to U.5   «aturation 

Precipitate   (2.4) Supernatoot   (3.3) 

add   {HH.)2S04   to 0.7 actnratio» 

Precipitate   (3.6) Supernatant   (1.5) 

diolys»   aqainat   0.9K PoCi 
odd   (KH.j9S04   to 0.5  saturation 

Precipitate   ( !   0) Supfcnatant   (2.9) 

'Specific activity  of  hoparin rntitliruabic  cofoctor   in unita  of   throabia   iaocti- 
rated   per   ag  of   protein  in standard  teat   procedure. 

14 



60 

50 
CO 
o 
o 
o   40 
UJ 
€0 

UJ 

3 
O 

30 

o 
z  20 

(0 

0 
X 1 
2 4 6 8 
THROW BIN  NIH  UNITS/ML 

10 

Fig.   1.    Throrobin assay curve at 27° C in 0. 1S4 M  NaCl.    Under these 
conditions thrombin is approximately 1/2 as active as in the NIH standard 
procedure. 

15 



60 

CO 
o 50 

UJ 
w 40 
I 
UJ t, 

s 30 
o 
1 
t 20 o 
-Ji 
o 

10 

J_ X ± 

THR0MBIN 
5 UNITS/ML 

I      
( \J5 Z 

FIBRIN0GEN   M6MS/ML 
^5 

Fig.   2.    Effect of fibrinogen concentration on clotting time induced by 
final concentration of 5 NIH units of throtnbm per ml.    Clots formed in 
0. 25 and 0. 50 mg/ml fibrinogen solution were thin and difficult to detect. 
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Fig.   3.    Effect of heparic on the throznbin-fibnnogen reaction.    Lower 
curve (T) is standard throrobin assay in method.    Upper curve (T + H) 
is parallel determination in the presence of 0. 5 NIH heparin units per 
ml.    Tht displacement of (T + H) along th^ abscissa,  "a" is a measure 
of units of thrombin inactivated.    Displacement of (T + H) along the 
ordinate is the prolongation of clotting due to heparin, and becomes 
smaller and smaller as thrombir concentration is increased. 
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Fig.  4.    Effect of heparin concentration on clotting time.    Upper curve 
determined in presence of 2 units of thrombin per ml.  middle curve 
with 2. 5 units of thrombin per ml, and lower curve with 5. 0 units erf 
thrombin per ml. 
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Fijj.   5.    Effect of fibrinogen concentration on the heparin-thrombin 
clotting time.    Upper curve (T + H) obtained with 5 NIH units of thrombin 
and 0. 5 NIH units of heparin per ml.    Lower curve (T) obtained with 5 
NIH units of thrombin per ml.    Note that upward displacement of (T+H) 
curve from (T) is not overcome bv increasing fibrinogen concentration 
from  I. 0 to 2. 5 mgm per ml.    Clots obtained with (T + H) in 0, 5 mgm 
per ml   ihrinogen were very hard to time accurately. 
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Fig.   6.    Effect of heparin concentration  on degree of throxnbin inacti- 
vation.    The clotting times of heparin-thrombin mixtures are converted 
to equivalent units  of active  tfarombin by projection onto a  standard 
thrombin assay done in parallel (Fig.   3), 

100 = T equivalent    x 100 cquala per ccnt thrombin inactivated. 
T added 
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4 6 8 10 
THROMBIN NIH UNITS/ML 

Fig.   7.    Effect of bovine serom (cofactor source on the tkronsbin- 
heparin-clottins time.    Upper curve (T + H + S) obtained with 0. 5 NIH 
units of heparin and 0. 025 mi ser-tn per ml reaction mixture.   Middle 
curve (T + H) obtained with 0. 5 NIH unit« a£ heparin.    Lower curve is 
standard thrombin assay as described.    The displacement of (T + H 4 S) 
from (T -♦• H| i* used for calculation of effect of serum,  and does not 
vary with thrombin concentration in direction of the horizontal axis 
within range of limits of reasonable precise clotting time roeasuremects. 
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Fig.   8.    Normal antithrombin reaction of bovine serun.    One ml of a 
concentrated thrombin solution (1400 NIH units/ml) is mixed with 1 ml 
of bovine serum and residual thrombin measured by transferring small 
aliquots (0. 01 ml without dilution) to a standard fibrinogen mixture. 
Incubated at 27° C. 
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Fig.   9.    Thermal inactivation of heparin cofactor.    Bovine serum was 
incubated at the indicated temperatures for variable periods of time, 
then rapidly chilled and tested for cofactor in the standard assay. 
Normal antithrombin activity diminished in a similar manner,  but 
quantitative assay was not attempted. 
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